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The increasing global demand for renewable energy underscores the significance of 
photovoltaic (PV) technology as a sustainable energy source. Bifacial PV modules, 
unlike traditional monofacial modules, capture sunlight on both their front and rear 
surfaces, enhancing their efficiency. However, accurately estimating the energy output 
of PV panels remains challenging due to environmental influences. PV panels can only 
deliver power up to their rated capacity under Standard Test Conditions (STC), and 
deviations in weather conditions often lead to performance below the rated output. 
Accurate prediction, therefore, requires accounting for factors such as weather 
variations, peak sun hours, and temperature, which significantly affect performance. 
This study focuses on predicting the output of bifacial PV modules based on cell 
temperature and irradiance levels, aiming to achieve precise energy estimation. The 
analysis employs the JKM560N-72HL4-BCV module, with a maximum power rating of 
560 W, to develop a predictive model incorporating environmental parameters. The 
research was conducted at the Faculty of Electrical and Electronic Engineering, 
Universiti Tun Hussein Onn Malaysia, Block QB, located at coordinates 1.861709, 
103.085467. The result shows with a 25% effect of Bifacial Gain, the monthly bifacial 
PV power output shows a notable increase compared to the zero BG scenario, with 
February recording the highest output (260.87 W) and August the lowest (225.86 W). 
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1. Introduction 

 
The convolution of fossil fuels as primary energy sources has indeed contributed significantly to 

global energy needs for decades and the global energy demand is increasing due to population 
growth and industrialization [1,2], but this reliance has come at a considerable environmental cost. 
Coal, natural gas and large hydro have been the main sources of power generation in Malaysia [3-5], 
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and the combustion of coal, oil, and natural gas releases large amounts of carbon dioxide (CO₂) into 
the atmosphere, intensifying the greenhouse effect [6]. This effect traps heat, leading to global 
warming, which in turn accelerates climate change. Although energy can come from various sources, 
most of the current energy supply still relies on fossil fuels. This steady supply of fossil fuels is 
expected to be disrupted soon [7]. Given the environmental impact of fossils fuels and their limited 
availability, there is an urgent need to transition to cleaner, renewable energy sources. 

Renewable energy sources are natural and sustainable, replenishing themselves over time. In 
Malaysia, the renewable energy landscape is advancing, with solar, hydro, and bioenergy leading 
efforts toward sustainability. One of the advantages of PV energy is that it has the least negative 
impact on the environment compared to any other energy sources [8-10]. These resources are 
becoming increasingly popular for their potential to boost electricity production efficiency [11]. 
Although this energy is already popular, but this energy is not fully utilized in society due to several 
factors. Renewable energy technologies contribute to sustainable development by reducing 
dependence on fossil fuels and potentially lessening the impacts of climate change [12,13].  

One such promising solution is solar energy, a sustainable and abundant resource [14]. Bifacial 
PV modules are the optimal solution for addressing global energy challenges. Bifacial PV modules 
represent an innovative solution that is not yet widely adopted but offer significant advantages over 
conventional solar panels, providing greater efficiency and benefits to users. Bifacial PV modules can 
produce extra energy by harnessing solar energy from both sides of the module, making them an 
effective option for lowering the cost of photovoltaic power generation [15,16]. However, the 
performance of bifacial PV modules depends heavily on environmental conditions, and their power 
output varies with factors such as weather, location, and time. Under Standard Test Conditions (STC), 
the PV panels are designed to operate at their rated capacity. When actual conditions deviate from 
STC, the output may not match the rated capacity. In such cases, accurate solar power generation 
predictions require computational methods [17] that incorporate key elements like weather 
conditions, sun hours, and temperature, all of which play a critical role in determining performance. 
This study addresses the gap in accurate prediction models tailored for bifacial PV panels in tropical 
climates, particularly Malaysia.  

 
2. Literature Review  
2.1 Photovoltaic Panel (PV) 
 

A photovoltaic (PV) panel, also known as a solar panel, is a device that converts sunlight into 
electrical energy. A single PV device is known as a cell but most of it is connected in series and parallel 
or in chain to form larger units known as modules to boost the power output of PV modules. These 
cells are usually encased within a glass layer and a plastic sheet, collectively forming what is typically 
recognized as panel [18]. When sunlight strikes the cell, it produces electricity energy, but the power 
output is dependent on the amount of sunlight supplied. The installation of the PV system involves 
several components which are solar panel, battery, inverter and mounting structures to secure the 
panels. These mechanical structures are designed to hold the solar panels at the best angle, helping 
them work efficiently throughout the day [19].   

 
2.2 Bifacial PV Modules 
 

The commonly known type of solar panel is the traditional one, Bifacial PV has emerged as the 
de-facto choice for utility-scale ground-mounted PV arrays due to their ability to collect solar 
irradiance from both the front and rear surfaces. The operating concept is like monofacial panels, but 
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bifacial PV modules can also collect sunlight through their rear surface, in addition to the standard 
absorption through the front. This increase in generation from the rear side of a bifacial module is 
influenced by the albedo, the installation height of the solar module, the ground cover ratio (GCR), 
and diffuse horizontal irradiance (DHI) [20].  

 
2.3 Electrical Performance of PV Panel 
 

The electrical output of PV modules when installed at site may be different from those stated in 
the module datasheet. In the field, the PV modules are said to experience real operating conditions 
(ROC) which differ from standard test conditions (STC). STC rated for PV Panel is at 1000W/m2 of 
solar irradiance, 25 degrees Celsius of cell temperature and the solar spectrum is AM 1.5 [21]. The 
temperature of the cell environment needs to be considered. According to data in Malaysia, the 
average temperature ranges between 25°C and 28°C, while the average solar irradiance is between 
400 W/m² and 600 W/m². Therefore, both parameters play a crucial role in achieving optimal power 
output and high efficiency. 

 
3. Methodology  
3.1 Location  

 
To conduct this research, the location needs to be determined to obtain optimal and accurate 

results. Therefore, this study will be carried out at the Faculty of Electrical and Electronic Engineering 
(FKEE), Universiti Tun Hussein Onn Malaysia, Block QB, located at coordinates 1.861709, 103.085467 
as illustrated in Fig 1. Since this research focuses on Bifacial PV modules, it will be conducted at the 
parking lot area of the faculty to gather output power readings with higher efficiency. This location 
was selected due to certain factors that influence the absorption rate of solar irradiance, which plays 
a crucial role in the performance of bifacial PV modules. The parking lot is expected to provide a 
suitable environment for capturing solar energy from both the front and rear sides of the module, 
improving energy output efficiency. Key factors like the surface reflectivity, tilt angle, and exposure 
to sunlight at different times of the day will contribute to the overall performance of the modules. 
This location provides an opportunity to assess the bifacial PV modules' ability to harness solar energy 
from both sides under real-world conditions. By selecting this environment, the research will gather 
valuable data to evaluate the benefits of bifacial technology compared to traditional monofacial 
modules. These conditions are crucial for obtaining accurate and efficient results for predicting the 
energy power output of Bifacial PV modules. 

 

 
Fig. 1 Location of block QB FKEE, UTHM 
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2.2 Environmental Data  
 

In this research, to obtain the accurate and reliable data output from bifacial photovoltaic (PV) 
modules, it is essential to collect environmental data, including cell temperature and solar irradiance. 
These two factors have a significant impact on the performance of PV modules, particularly bifacial 
ones, which rely on both direct and reflected sunlight to generate energy.  The temperature data for 
Batu Pahat was collected from AccuWeather [22], a reliable and widely recognized online weather 
forecasting platform known for its accurate weather forecasts and warnings worldwide. The data 
spans the period from January 2024 to October 2024, representing average annual temperatures for 
this timeframe. These temperature values are utilized as one of the critical inputs for predicting 
rooftop photovoltaic (PV) power generation. 

In addition to ambient temperature data, the analysis also considers the PV cell temperature, 
which significantly impacts the module's performance. The rated cell temperature used in this study 
is 20°C. The average temperature values, as presented in Table 1, include both the ambient 
temperature and the calculated cell temperature. This comprehensive dataset ensures accurate 
modelling and enhances the reliability of the predictive analysis for rooftop PV power generation. 
 
2.2 Environmental Data  
 

In this research, to obtain the accurate and reliable data output from bifacial photovoltaic (PV) 
modules, it is essential to collect environmental data, including cell temperature and solar irradiance. 
These two factors have a significant impact on the performance of PV modules, particularly bifacial 
ones, which rely on both direct and reflected sunlight to generate energy.  The temperature data for 
Batu Pahat was collected from AccuWeather [22], a reliable and widely recognized online weather 
forecasting platform known for its accurate weather forecasts and warnings worldwide. The data 
spans the period from January 2024 to October 2024, representing average annual temperatures for 
this timeframe. These temperature values are utilized as one of the critical inputs for predicting 
rooftop photovoltaic (PV) power generation. 

In addition to ambient temperature data, the analysis also considers the PV cell temperature, 
which significantly impacts the module's performance. The rated cell temperature used in this study 
is 20°C. The average temperature values, as presented in Table 1, include both the ambient 
temperature and the calculated cell temperature. This comprehensive dataset ensures accurate 
modelling and enhances the reliability of the predictive analysis for rooftop PV power generation. 
 

Table 1 
Average cell temperature data in Parit Raja,Batu 
Pahat (January 2024 – October 2024) 

 
 
 
 
 
 
 
 
 

Month Cell temperature (°C) 

January 50 
February 54 
March 50 
April 52 
Mei  51 
June 50 
July  50 
August  53 
September 51 
October  52 
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Next, the solar irradiance data used in this study was obtained from RET Screen Expert [23], a 
comprehensive software tool widely used for energy analysis and renewable energy project 
evaluation. This data represents the average solar irradiance levels in the Parit Raja area, Batu Pahat, 
and is essential for accurately predicting photovoltaic (PV) power generation. 

The solar irradiance values, as shown in Table 2, provide detailed information about the solar 
energy potential in the study location. These values are critical for modelling the energy output of 
bifacial PV modules, as they directly impact the amount of sunlight available for energy conversion. 
By combining this solar irradiance data with other inputs, such as temperature, the study ensures a 
robust and precise prediction of PV power generation in the region. 
 

Table 2  
Solar irradiance data in Parit Raja, Batu Pahat 
(January 2024 - October 2024) 
Month Solar irradiance (kW/m2/d) 

January 4.57 
February 5.18 
March 5.04 
April 4.87 
Mei  4.60 
June 4.57 
July  4.49 
August  4.47 
September 4.65 
October  4.65 

 
2.3 Bifacial Data 
 

Apart from environmental data such as temperature and solar irradiance, bifacial photovoltaic 
(PV) panel data is crucial for accurately determining the actual power output of the system. This 
includes detailed technical specifications obtained from the datasheet of the bifacial PV module used 
in this study, sourced from the JinkoSolar website, as illustrated in Table 3. The module selected for 
analysis has a rated power output of 560 Watts and the design is shown in Figure 2.  

The bifacial data includes parameters such as the front and rear efficiency of the panels, the 
albedo effect (ground reflectivity), and the Bifacial Gain (BG), which quantifies the additional energy 
contribution from the rear side of the panels. For this analysis, two scenarios are considered, the zero 
effect of BG, which assumes no additional rear-side energy contribution, and a 25% BG effect, 
representing a realistic enhancement in energy generation due to reflected sunlight. By integrating 
these bifacial parameters with environmental data, the study ensures a comprehensive and accurate 
analysis of the energy output potential of the 560W bifacial PV module under actual conditions, 
leading to reliable performance predictions. 
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Fig. 2. The bifacial PV solar panel 560W 

 
Table 3  
Technical specifications of bifacial PV modules (560W) from JinkoSolar 
Module Type JKM560N-72HL4-BCV 

Maximum power (Pma) 560W 
Maximum power voltage (Vmp) 41.95V 
Maximum power current (Imp) 13.35A 
Module efficiency STC (%) 21.68% 
Operating temperature (°C) -40°C~+85°C 
Power tolerance 0~+3% 
Temperature coefficients of Pmax -0.30%/°C 
Nominal operating cell temperature (NCOT) 45±2°C 
Refer. Bifacial factor 80± 
1st year degradation 1.5% 
Subsequent year 0.40% 

 
                         Table 4 
                         Bifacial Gain (BG) effect of bifacial PV modules at 5%, 15%, and 25% BG values 

Bifacial gain (%) Maximum power (W) Module efficiency STC (%) 

5 588 22.77 
15 644 24.93 
25 700 27.10 

 
Table 4 presents the datasheet for the Bifacial Gain (BG) effect of the bifacial photovoltaic (PV) 

modules, detailing the potential increase in energy generation from the rear side of the panels. The 
BG values of 5%, 15%, and 25% illustrate how varying levels of sunlight reflection from the 
surrounding environment, such as the ground surface (albedo) or nearby structures, can enhance the 
overall performance of the bifacial modules. 

The BG effect represents the additional energy output achieved by capturing reflected sunlight 
on the rear surface of the module. In this table, the 5% BG effect assumes a minimal contribution 
from the rear side, indicating that only a small portion of reflected sunlight is utilized for energy 
generation. A 15% BG effect represents a moderate enhancement, where the rear side contributes a 
more noticeable amount of energy. Lastly, the 25% BG effect represents a high level of reflected 
sunlight being captured, typically observed in environments with high albedo. 

These varying BG values provide insight into the different levels of energy output improvement 
that can be achieved depending on the environmental conditions and module placement. The higher 
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the BG effect, the greater the additional energy gain from the rear side of the panel, thereby 
increasing the total energy generation potential of the system. 

By incorporating these BG effects into energy generation models, the data in Table 4 allows for a 
more accurate prediction of the performance of bifacial PV modules in specific locations. It helps in 
assessing the actual energy output under different environmental scenarios, such as varying ground 
reflectivity, installation tilt angles, and shading effects. This detailed understanding of bifacial gain is 
essential for optimizing the design and efficiency of PV systems, particularly in areas with favourable 
conditions for bifacial energy capture. 

 
2.4 Equation for the Output Power 

 
In this study, to manually calculate the power output of a photovoltaic (PV) system, several 

factors must be considered, including the environmental data such as the ambient temperature and 
solar irradiance of the area. These environmental conditions are essential when predicting the power 
output, as they directly impact the performance of the PV modules. The cell temperature must be 
estimated in the first step using Eq. (1) [21] while the derating factor related to the temperature 
impact is then determined using Eq. (2) [21]. The output power can be calculated using the equation 
for maximum power output (Pmax) as in Eq. (3) [21], incorporates various parameters such as 
degradation factor (fdegrade) as in Eq. (4) [21], bifacial gain factor (fg) as in Eq. (5) [21]. These factors 
are derived from the data presented in Table 3, with each one playing a vital role in adjusting the 
theoretical maximum power output to reflect real-world conditions. The equation for maximum 
power output (Pmax) is typically expressed as: 

 
 
Tx=Tamb + (Gi×(NOCT-20°C))/(800W/m2)         (1) 
 
Where, 
Tamb is ambient temperature (°C) 
NOCT  us Nominal Operating Cell Temperature (°C) 
Derating factor of power due to cell temperature effect, 
 
ftemp_p=1+[(α/(100%))×(T_cell-T_STC )]        (2) 
 
Thus, power output for Real Operating Condition (ROC) is 
 
Pmax=Pmax(STC)×fmm ×fdegrad×ftemp_p×fg× fclean× funshade     (3) 
 
Derating factor of power due to LID and aging effect, 
 
fdegrade=1-[  (1st annual degrade-subsequent year)/100  ]      (4) 
 
Peak sun factor, fg=G/1000          (5) 
 
Where, 
α  is temperature coefficient of power (% per °C) 
T_STC   is temperature at Standard Test Condition (STC) 
Fdegrade  is the total de-rating factors related to power 
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Fmm  is a de-rating factor due to module mismatch of power [21] 
Fg   is the peak sun factor [21] 
Fdirt  is a de-rating factor due to dirt [21] 
Fage  is a de-rating factor due to aging [21] 
 
 
Power gain=((P_b- P_a)/P_a )×100%         (6) 
 
Where,  
Pb  is the maximum power output with 25% of bifacial gain 
Pa  is the maximum power output with 0 of bifacial gain 
 
The temperature of the surroundings and solar irradiance are crucial factors in determining the 

output power of a PV panel. In addition to these, derating factors must also be considered to improve 
the accuracy of the power prediction. These factors account for real-world conditions that can affect 
the performance of the PV panels over time, such as temperature variations, module degradation, 
and environmental influences. For this case, to obtain a comparison between the power output with 
zero effect of Bifacial Gain and the power output with a 25% effect of Bifacial Gain, manual 
calculations using Eq. (6) are required. This equation incorporates the necessary parameters to 
accurately determine the impact of Bifacial Gain on the total power output, allowing for a detailed 
analysis of the performance difference under both conditions. 

 
3. Results and discussion 
3.1 Total of Monthly Bifacial PV Power Output with Zero Effect of Bifacial Gain 

 
The results below represent the Total Monthly Bifacial PV Power Output with zero effect of 

Bifacial Gain, as illustrated in Table 5 and the statistic of the result shown in Fig 3. These values reflect 
the energy generated solely from the front side of the bifacial PV module, without considering any 
additional contribution from the rear side. The power output is directly influenced by the solar 
irradiance received each month, as well as other environmental factors such as temperature and 
weather conditions. This data provides a baseline for comparing the performance of the PV system 
under standard conditions, highlighting the impact of direct solar exposure without the benefits of 
rear-side reflected irradiance. 
 

Table 1 
Power output with zero effect of bifacial gain 

 
 
 
 
 
 
 
 
 

 

Month Power Output (W) 

January 186.57 
February 208.69 
March 205.77 
April 197.51 
Mei  187.18 
June 186.58 
July  183.31 
August  180.69 
September 189.22 
October  188.59 
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Fig. 3. Statistic of power output with zero effect of bifacial gain 

 
The monthly bifacial PV power output with zero effect of Bifacial Gain highlights the direct 

relationship between solar irradiance and power output. February records the highest power output 
(208.69 W), which corresponds to higher solar irradiance during this period, while August shows the 
lowest output (180.69 W), likely due to reduced solar irradiance. The output variations across the 
months reflect changes in environmental conditions, such as cloud cover and seasonal irradiance 
levels. Without the contribution of rear-side reflection, the PV module's performance depends 
entirely on the direct solar irradiance received, which explains the observed fluctuation in power 
generation. 

 
3.2 Total of Monthly Bifacial PV Power Output with 25% effect of Bifacial Gain 

 
The results below represent the Total Monthly Bifacial PV Power Output with a 25% effect of 

Bifacial Gain, as shown in Table 6 and the statistic of the result shown in Fig.4. These values include 
the additional energy generated from the rear side of the bifacial PV module due to reflected 
sunlight. The power output is influenced by both direct solar irradiance and the gain from the rear 
side, highlighting the improved performance of the PV system with 25% Bifacial Gain. 
 

Table 6 
Power output with 25% effect of bifacial gain 

Month Power Output (W) 

January 233.22 
February 260.87 
March 257.21 
April 246.89 
Mei  233.98 
June 233.22 
July  229.14 
August  225.86 
September 236.52 
October  235.74 
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Fig. 4. Statistic of power output with zero effect of bifacial gain 

 
With a 25% effect of Bifacial Gain, the monthly bifacial PV power output shows a notable increase 

compared to the zero BG scenario, demonstrating the significant contribution of reflected solar 
irradiance captured by the rear side of the panels. February again records the highest output (260.87 
W), aligning with high solar irradiance during this month, while August, with lower irradiance, 
produces the lowest output (225.86 W). The 25% BG effect amplifies the output, reflecting how 
bifacial panels leverage both direct and reflected irradiance to enhance energy generation. This 
relationship underscores the importance of high albedo surfaces and optimal panel placement in 
maximizing bifacial panel performance. The consistent increase in power output across all months 
highlights the effectiveness of bifacial technology in improving energy generation, especially in 
conditions where reflected sunlight is substantial. 

 
3.3 Power Gain  

 
The power gain refers to the additional energy generated by the rear side of the bifacial PV 

module, which captures reflected sunlight from the ground or surrounding surfaces. This gain 
increases the total power output of the system beyond the energy generated by the front side alone. 
The extent of this power gain depends on factors such as the albedo (reflectivity) of the surface, the 
tilt of the panels, and the amount of sunlight that reaches the rear side. With a 25% Bifacial Gain, the 
rear side contributes 25% more energy, improving the overall efficiency and power generation of the 
bifacial PV system. The result of the power gain is shown in Table 7, with the statistical results 
illustrated in Figure 5. 

 
Table 7 
Power Gain (January 2024 - October 2024) 

Month Power Gain (W) 

January 25.00402 
February 25.00359 
March 24.99879 
April 25.00127 
Mei  25.00267 
June 24.99732 
July  25.00136 
August  24.99862 
September 24.99736 
October  25.00133 
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Fig. 5. Statistic of power gain (January 2024 - October 2024) 

 
The results of the power gain from January 2024 to October 2024 demonstrate a significant 

improvement in the total energy output of the bifacial PV modules due to the 25% Bifacial Gain. The 
rear side of the modules, capturing reflected sunlight, contributes an additional 25% of power, 
enhancing the overall performance of the system. This increase in power generation is particularly 
notable when compared to systems with no Bifacial Gain. The data highlights the potential of bifacial 
technology to optimize energy production, especially in environments with high albedo surfaces, 
ensuring more efficient use of available solar resources. 

The findings demonstrate the enhanced performance of bifacial PV panels compared to 
monofacial panels, particularly under conditions with significant rear-side reflectivity. The results 
align with previous studies, such as in the previous study [15], which highlight the role of albedo and 
bifacial efficiency in optimizing energy output. However, unlike these studies conducted in temperate 
climates, our research provides novel insights into bifacial panel performance under tropical 
conditions with moderate irradiance and high temperatures. 

While bifacial PV panels demonstrate enhanced efficiency, their environmental implications must 
be considered. The production of bifacial modules involves higher material use for dual-sided 
functionality, potentially increasing their carbon footprint compared to monofacial panels. However, 
the longer lifespan and increased energy output offset these initial impacts, resulting in a lower 
lifecycle carbon intensity. Additionally, advancements in recycling technologies for PV materials can 
further mitigate environmental concerns. 

 
4.Conclusions 

 
In conclusion, this research highlights the importance of several key parameters in accurately 

predicting the power output of bifacial PV modules, including solar irradiance, ambient temperature, 
Bifacial Gain, and environmental factors such as shading, module orientation, and cleanliness. These 
parameters, along with temperature and degradation corrections, ensure a precise calculation of the 
actual power output of bifacial modules in real-world conditions. By considering both the front and 
rear sides of the panels, bifacial PV technology significantly enhances energy generation, offering 
greater efficiency than traditional monofacial panels. The advantages of using bifacial PV modules lie 
in their ability to capture reflected sunlight from the rear side, increasing overall power output, 
particularly in environments with high albedo surfaces. The dual benefit of its low-cost nature and 
bifacial performance gain multiplies the value proposition of tensegrity structure as a solar PV racking 
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solution [24]. This technology not only reduces the area needed for installation but also improves the 
return on investment over time. As demand for renewable energy grows, bifacial modules will 
become increasingly valuable for residential, commercial, and large-scale solar applications, 
especially in regions with reflective surfaces. With continued advancements, bifacial PV panels will 
play a key role in the future of solar energy, optimizing efficiency and sustainability. A suggestion for 
future work is to conduct experiments under varying albedo levels to explore bifacial gain under 
different ground conditions. This would provide deeper insights into how surface reflectivity impacts 
energy output and optimize the placement of bifacial PV modules in diverse environments. Further 
studies could also investigate the integration of advanced machine learning techniques to improve 
the accuracy of predictive models by incorporating more dynamic environmental variables. 
Additionally, expanding the data collection to include multiple locations with diverse climatic 
conditions. Such efforts would allow for a more comprehensive analysis of bifacial panel performance 
across varying irradiance levels, temperatures, and albedo effects. 
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